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Brentuximab vedotin (SGN-35; Adcetris’) is an anti-CD30
antibody conjugated via a protease-cleavable linker to the
potent anti-microtubule agent monomethyl auristatin E
(MMAE). Following binding to CD30, brentuximab vedotin
is rapidly internalized and transported to lysosomes where
MMAE is released and binds to tubulin, leading to cell cycle
arrest and apoptosis.

Several trials have shown durable antitumor activity with a
manageable safety profile in patients with relapsed/refractory
Hodgkin lymphoma, systemic anaplastic large cell lymphoma
or primary cutaneous CD30-positive lymphoproliferative dis-
orders. Peripheral sensory neuropathy is a significant adverse
event associated with brentuximab vedotin administration.
Neuropathy symptoms are cumulative and dose-related. Mul-
tiple ongoing trials are currently evaluating brentuximab ve-
dotin alone or in combination with other agents in relapsed/
refractory patients, as well as patients with newly diagnosed
disease.

Introduction

The successful application of immunotherapeutics in lym-
phoproliferative disorders, such as the anti-CD20 mono-
clonal antibodies (mAb) rituximab and ofatumumab, the
anti-CD52 mAb alemtuzumab, and the radiolabelled antibod-
ies ¥'I-tositumomab (Bexxar®) and ?°Y-ibritumomab tiuxetan
(Zevalin®) in non-Hodgkin lymphoma and chronic lympho-
cytic leukemia, has stimulated the development of mAbs for
the treatment of other malignancies including Hodgkin lym-
phoma and systemic anaplastic large cell lymphoma (ALCL).
Brentuximab vedotin (SGN-35; Adcetris®) is a promising
antibody-drug conjugate directed against the CD30 antigen.
It was approved in August 2011 by the United States Food and
Drug Administration for patients with Hodgkin lymphoma
after failure of autologous stem cell transplantation (auto-SCT)
or after failure of at least two prior multi-agent chemotherapy
regimens in auto-SCT-ineligible candidates, and for the treat-
ment of systemic ALCL after failure of at least one multi-agent
chemotherapy regimen.
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Physioloy of CD30

CD30 is a 120 kDa transmembrane protein that belongs to the
tumor necrosis factor receptor (TNFR) superfamily. The protein
encompasses six cysteine-rich pseudo-repeat motifs in its extra-
cellular domain.! The cytoplasmic domain of CD30 contains
several binding sequences for members of the TNFR-associated
factor (TRAF) family, which are implicated in the activation of
NFkB, c-Jun N-terminal kinase (JNK) and p38 mitogen-acti-
vated protein kinase pathways.”* CD30 is normally expressed in
activated T cells, B cells and NK cells. CD30 expression has also
been detected in several malignancies including Hodgkin lym-
phoma, anaplastic large cell lymphoma (ALCL), certain subtypes
of B cell derived non-Hodgkin lymphomas, mature T cell lym-
phomas and germ-line malignancies. The restricted expression in
these lymphocyte subsets renders it an attractive target for mAb
therapy.

CD30 gene expression is regulated by several mechanisms,
including Spl elements, microsatellite repressor elements and
histone deacetylases.”® In particular, in vitro administration of
HDAC inhibitors induces downregulation of CD30 in Hodgkin
lymphoma cell lines.®* CD30 can also be proteolytically cleaved
and released as a soluble form (sCD30). High levels of sCD30 are
associated with poor prognosis in patients with anaplastic large
cell lymphoma (ALCL) and Hodgkin lymphoma.”® The ligand
of CD30 (CD30L) is a transmembrane protein that belongs to
the tumor necrosis factor superfamily.! CD30L is expressed in
activated T cells, B cells, NK cells, eosinophils, neutrophils,
monocytes and mast cells.

The function of CD30 and CD30L in human physiology
remains unclear. No specific diseases or abnormalities have
been linked to CD30 or CD30L mutations. The use of CD30-
knockout animal models has produced inconclusive results with
regard to the role of CD30 on removal of autoreactive T cells
through apoptosis during development in the thymus (negative
selection) > However, CD30-mediated signaling is important
for regulating the development of both effector and memory
CD4-positive T cells."! Various studies suggest that CD30L/
CD30 signaling is linked to both Thl- and Th2-responses and
Thl- and Th2-associated diseases.'*" Inhibition of this path-
way could prove beneficial in the treatment of autoimmune dis-
eases.'® In vitro studies show contradictory results with CD30/
CD30L interaction either stimulating or inhibiting B cell pro-
liferation and differentiation, but studies performed in mice
suggest that CD30L/CD30 interactions promote secondary
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stained for CD30.

Figure 1. Classical Hodgkin lymphoma of the nodular sclerosis type. (A) Hematoxylin and eosin (H&E) staining. (B) The Reed-Sternberg cells positively

humoral immune responses.’® In CD30-positive B cell and T
cell lymphoma cell lines, the effect of CD30 signaling is cell
type-dependent and varies from enhancement of proliferation to
reduction of proliferation and induction of apoptosis.”

CD30-Positive Hematologic Malignancies

To date, brentuximab vedotin has mostly been evaluated in
Hodgkin lymphoma, anaplastic large cell lymphoma and the
primary cutaneous CD30-positive lymphoproliferative disorders.
We briefly describe these disorders here and discuss which patient
groups could benefit most from new treatment strategies such as
brentuximab vedotin.

Hodgkin lymphoma. Classical Hodgkin lymphoma is a
lymphoid neoplasm defined by the presence of CD30-positive
Hodgkin/Reed-Sternberg cells in a background of inflammatory
cells (Fig. 1). First line treatment of Hodgkin lymphoma consists
of combination chemotherapy with or without additional radio-
therapy. Combined modality therapy is given to patients with
localized disease whereas chemotherapy alone is given to patients
with advanced disease. During the last three decades, patients’
long-term survival has increased through improved multiagent
chemotherapy, more accurate radiotherapy, tailored treatments
to minimize late therapy-related complications, and better sup-
portive care for myelosuppression, infections and other compli-
cations.?*?! Despite this progress, survival remains substantially
lower in elderly patients, likely due to patient characteristics such
as lower performance status and comorbidities that strongly affect
chemotherapy feasibility and tolerance. In addition, biologic dif-
ferences between tumors may play a role.?”*! A recent study with
elderly patients (median age: 67 y; range: 60-89 y) showed a
5-y progression-free survival (PES) and 5-y overall survival (OS)
of 44% and 58%, respectively.”? Furthermore, current therapies
also fail to cure a significant proportion of patients with advanced
Hodgkin lymphoma with multiple risk factors such as stage IV
disease, male sex, serum albumin <4 g/dL, hemoglobin <10.5
g/dL, leucocytes >15 x 10°/L or lymphocytes <0.6 x 10°/L.%
Patients without these risk factors have a 5-y OS of 89%, whereas
patients with =5 of these risk factors have a 5-y OS of only 56%.%
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In the case of refractory disease or relapse, ~50% of trans-
plant-eligible patients can be cured by high-dose chemotherapy
with autologous SCT,*** but survival following relapse after
auto-SCT is very poor, with only 55% surviving at 2 y and 32%
at 5 y.*° Non-transplant eligible patients with relapsed or refrac-
tory disease also have a poor outcome. Altogether, these data sug-
gest that new targeted treatment strategies in this disease are still
warranted, especially in the elderly and in patients with poor risk
disease.

Systemic anaplastic large cell lymphoma (ALCL). Systemic
ALCL accounts for approximately 10% of all T cell non-Hodg-
kin lymphomas and is characterized by large anaplastic lym-
phoid cells with uniform and strong CD30 expression (Fig. 2).
The chromosome translocation t(2;5)(p23;q35) leads to the
formation of the nucleophosmin-anaplastic lymphoma kinase
(NPM1-ALK) fusion gene. The fusion protein contains a con-
stitutively activated ALK kinase, which results in activation of
multiple downstream pathways, including PI3K/AKT, Ras/
ERK and JAK/Stat3, that leads to proliferation and protection
against apoptosis. Other partner chromosomes have been iden-
tified that also result in ALK overexpression. Around 60% of
systemic ALCL cases are ALK positive and these patients have
significantly superior survival (5-y OS: 70%) when compared
with ALK-negative patients (5-y OS: 49%).? Treatment consists
of CHOP-like chemotherapy with radiotherapy added in patients
with limited-stage disease. Consolidation with high-dose therapy
and auto-SCT should be considered in ALK-negative transplant
eligible patients. Given the better prognosis in ALK-positive
cases, auto-SCT is only considered in case of relapse or refrac-
tory disease.”® New treatment strategies are needed to improve
cure rates of ALK-positive and especially ALK-negative ALCL
patients.

Primary cutaneous CD30-positive lymphoproliferative dis-
orders. The primary cutaneous CD30-positive lymphoprolifera-
tive disorders comprise approximately 25% of all cutaneous T
cell lymphomas and include primary cutaneous ALCL (pcALCL)
and lymphomatoid papulosis (LyP). Both diseases have a favor-
able prognosis, but differ with regard to their clinical presenta-
tion.””?’ LyP is characterized by recurrent papulonodular lesions
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sinusoidal growth pattern and (B) homogeneous expression of CD30.

Figure 2. Systemic anaplastic large cell ymphoma. (A) Hematoxylin and eosin (H&E) staining showing large pleomorphic tumor cells with an intra-

that undergo spontaneous regression after weeks or months. In
pcALCL, there are solitary or grouped, rapidly growing large
tumors or thick plaques, but sometimes it presents with multifo-
cal lesions. Generalized LyP can be treated with UV-light pho-
totherapy, topical steroids or low-dose methotrexate, whereas
localized pcALCL is treated with surgical excision or radio-
therapy. Chemotherapy is often given for multifocal pcALCL.
However, patients with these tumors tend to develop new lesions
after therapy is stopped.

Brentuximab Vedotin

Antibody generation and mechanisms of action. Brentuximab
vedotin is generated by conjugating the mouse-human chime-
ric IgG1 anti-CD30 mAb (cAC10; SGN-30), to the synthetic
dolastatin 10 analog monomethylauristatin A (MMAE), via a
protease-sensitive dipeptide linker. Each mAb molecule carries
an average of 4 MMAE groups.*® Brentuximab vedotin binds
to the CD30 receptor and is internalized via endocytosis. Upon
exposure to proteolytic lysosomal enzymes, MMAE molecules
are released in the intracellular space.” Binding of MMAE to
tubulin disrupts the microtubule network within the cell, leading
to induction of G,/M-phase cell cycle arrest and apoptosis.*> The
advantage of the citrulline-valine linker is that it is highly stable
in plasma, whereas the dipeptide linker is rapidly and efficiently
cleaved by lysosomal enzymes after internalization in antigen-
positive cells.’® This results in lower in vivo toxicity and higher
efficacy when compared with conjugates with lower stability in
plasma.’® Tumor cell killing by brentuximab vedotin may also be
mediated by antibody-dependent cellular phagocytosis (ADCP)
or via direct effects on tumor cell signaling, both of which are
mechanisms of action of SGN-30. In addition, a small fraction
of free MMAE diffuses out of the targeted CD30-positive cells,
allowing it to kill surrounding cells in the tumor microenviron-
ment which can support tumor growth by production of growth
factors and via adhesion.’

Preclinical evaluation of brentuximab vedotin. Brentuximab
vedotin induced cell death of CD30-positive tumor cells in vitro
including Hodgkin lymphoma cells, cutaneous T cell lymphoma
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and anaplastic large cell lymphoma cells, with IC, < 10 ng/
ml, but was more than 300-fold less active on CD30-negative
cells.?? In addition, brentuximab vedotin had antitumor activity
in xenograft models of Hodgkin lymphoma and anaplastic large
cell lymphoma.3* In the Hodgkin lymphoma xenograft model,
improved antitumor activity was observed when brentuximab
vedotin was administered with chemotherapeutic agents, includ-
ing gemcitabine and the combination of adriamycin, bleomycin,
vinblastine and dacarbazine (ABVD).?

Antibody pharmacokinetics. Increases in exposure to the
antibody-drug conjugate and free MMAE are approximately
proportional to dose when brentuximab vedotin is administered
every 3 weeks.* Halflife estimates for the antibody-drug con-
jugate and for free MMAE are 4—6 d and 3—4 d, respectively.’
When brentuximab vedotin was administered in a weekly sched-
ule, increases in both brentuximab vedotin and free MMAE
exposures were approximately dose-proportional.®® Peak brentux-
imab vedotin blood concentrations were achieved at the end of
the infusion in both dosing regimens, whereas peak free MMAE
concentrations occurred within 1 to 3 d following each infusion.

Clinical development of brentuximab vedotin.

1. Hodgkin lymphoma.

Brentuximab vedotin in relapsed/refractory Hodgkin lymphoma.
Two unconjugated anti-CD30 antibodies, SGN-30 and MDX-
060, had limited clinical activity in Hodgkin lymphoma.?¢-*
Brentuximab vedotin, however, showed high anti-tumor activity

accompanied with limited toxicity in a recently published Phase
1 study (NCT00430846).% In this study, 42 (93%) out of the
45 patients who were treated had relapsed/refractory classical
Hodgkin lymphoma, while 2 patients had systemic ALCL and
1 had CD30*-angioimmunoblastic T cell lymphoma (Table 1).
They had received a median of 3 preceding lines of chemother-
apy, including auto-SCT in 73% of the patients. Brentuximab
vedotin was administered at doses of 0.1 to 3.6 mg/kg every 3
weeks; premedication was not required. Study treatment was
stopped upon disease progression. A dose of 1.8 mg/kg admin-
istered every 3 weeks was considered the highest dose without
unacceptable adverse effects. The most common adverse events,
predominantly of grade 1 and 2, were fatigue (36%), pyrexia
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Table 1. Results from clinical studies evaluating brentuximab vedototin in relapsed/refractory CD30-positive malignancies

Study Type of Regimen N Patients Prior treatment  Response TTE Key toxicities
T study -
Younes etal”  Phase 1 Brentuximab vedotin on 45 Hodgkin's lymphoma: 42 (93%) Median: 3 All evaluable patients (n=44) Median duration of response: at least 9.7  Grade 1, 2,3, 4
day 1 of each 21-day Systemic ALCL: 2 (4%) Auto-SCT: 73% 2PR: 39% months Peripheral neuropathy: 22%
cycle until progression ALK-status: NA PR: 14% Median PFS: 5.9 months Fatigue: 36%
MTD: 1.8 mg/kg Angicimmunoblastic lymphoma: 1 (2%) CR: 25% Median OS: NA Pyrexia: 33%
Hedgkin's lymphoma (n=41) Diarrhea: 22%
2PR: 37% Nausea: 22%
PR: 15% Neutropenia: 22%
CR: 22%
Systemic ALCL (n=2)
2PR: 100%
PR: 0%
CR: 100%
Angioimmunaoblastic lymphoma (n=1)
zPR: 0%
PR: 0%
CR: 0%
Fanale et al*® Phase 1 Brentuximab vedotin on 44 Hodgkin's lymphoma: 38 (86%) Median: 3 All evaluable patinents (n=41) Median duration of response not reached ~ Grade 1, 2, 3, 4
day 1, 8, and 15 of each Systemic ALCL: 5 (11%) Auto-SCT: 68% 2PR: 59% after a median follow-up of 45 weeks Peripheral sensory neuropathy: 66%
28-day cycle; maximum ALK+ 1 PR: 24% Median PFS: 29 weeks Fatigue: 52%
of 12 cycles; ALK-: 4 CR: 34% Median OS: not reached Nausea: 50%
MTD: 1.2 mg/kg PTCL NOS: 1 (2%) Hodgkin's lymphoma (n=35) Diarrhea: 32%
2PR: 54% Arthralgia: 27%
PR: 26% Pyrexia: 25%
CR: 29%
Systemic ALCL (n=5)
2PR: 80%
PR: 0%
CR: 80%
PTCL-NOS (n=1)
PR: 100%
Advani et al® Phase 2 Brentuximab vedotin 1.8 58 Systemic ALCL: 58 (100%) Median: 2 2PR: 86% Median duration of response: 13.0 Grade1,2,3, 4
mglkg on day 1 of each ALK+ 16 (28%) Auto-SCT: 26% PR: 29% manths Peripheral sensory neuropathy: 41%
21-day cycle; up to 16 ALK-: 42 (72%) CR: 57% Median PFS: 14.6 months Fatigue: 38%
cycles Median OS: not reached Nausea: 40%
Diarrhea: 20%
Pyrexia: 34%
Rash: 24%
Constipation: 22%
Neutropenia: 21%
Chen etal® Phase 2 Brentuximab vedotin 1.8~ 102 Hodgkin's lymphoma: 102 Median: 4 2PR: 75% Median duration of CR: not reached after ~ Grade 1, 2,3, 4
mglkg on day 1 of sach Auto-SCT: 100% PR: 41% a median follow-up of 9 months (for Peripheral sensory neuropathy: 215%
21-day cycle; upto 16 CR: 34% responders) Nausea: 215%

cycles

Fatigue: 215%
Neutropenia: 215%
Diarrhea: 215%

MTD, maximum tolerated dose; PTCL-NOS, peripheral T-cell lymphoma not otherwise specified; ALCL, anaplastic large cell ymphoma; ALK, anaplastic
lymphoma kinase; NA, not available; auto-SCT, autologous stem cell transplantation; PR, partial response; CR, complete response; TTE, time to events;

PFS, progression-free survival; OS, overall survival

(33%), diarrhea (22%), nausea (22%), neutropenia (22%) and
peripheral neuropathy (22%). Peripheral neuropathy typically
presented with sensory findings such as numbness and tingling in
hands or feet. The neuropathy was cumulative and dose-related.
Neuropathy resolved after stopping treatment in the majority of
patients (63%). Two patients developed anti-therapeutic antibod-
ies during treatment. Complete response (CR) was achieved in 11
patients (25%) and partial response (PR) in 6 (14%) patients. In
addition, 19 out of 44 evaluable patients (43%) had stable dis-
ease. Treatment was also accompanied with resolution of disease-
related symptoms such as night sweats, weight loss or fever. The
response rate (CR + PR) was 50% in patients that received bren-
tuximab vedotin at the MTD (1.8 mg/kg). Among the 41 evalu-
able patients with Hodgkin lymphoma, the CR and PR rate was
22% and 15%, respectively. Furthermore, 88% of the patients
with objective response achieved it within 4 treatment cycles (2.8
mo). For the whole group, the median duration of response was
at least 9.7 mo. Median PFS was 5.9 mo with a trend toward lon-
ger PES in patients receiving brentuximab vedotin at doses 21.2
mg/kg. Interestingly, responses were accompanied with decreases
in serum levels of cytokines TARC (CCL17), IL-6 and TNFa.
Another study (NCT00051597) evaluated brentuximab
vedotin in a more frequent (once weekly) dosing schedule in
patients with relapsed/refractory CD30-positive malignancies®
(Table 1). This Phase 1 study enrolled 38 Hodgkin lymphoma
patients, 5 patients with systemic ALCL, and 1 with a periph-
eral T cell lymphoma. Patients had received a median of 3 prior
chemotherapy regimens and 68% had undergone prior auto-
SCT. Brentuximab vedotin MTD was defined as 1.2 mg/kg. The
most common side effects were again fatigue, nausea, diarrhea,
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arthralgia and pyrexia. In addition, peripheral sensory neuropa-
thy was observed in 66% of patients (predominantly grade 1 or
2). Only 6 patients (14%) experienced grade 3 peripheral sensory
neuropathy. In addition, 4 patients (9%) experienced peripheral
motor neuropathy, including 3 cases with grade 3. Eight patients
discontinued treatment because of neuropathy. Grade 1/2 acute
infusion reactions occurred in 14% of patients but routine pre-
medications were not required. Both patients who developed
anti-brentuximab antibodies experienced infusion reactions. At
least PR was achieved in 59% of patients with a CR rate of 34%.
Median time to objective response was 8.1 weeks. Stable disease
was achieved in an additional 32% of patients. Six out of the
7 patients with B-symptoms had resolution of these symptoms.
At least PR was achieved in 54% (CR in 29%) of the Hodgkin
lymphoma patients and in 4 out of 5 patients with ALCL (all
CR). The patient with peripheral T cell lymphoma (PTCL-
NOS) achieved a PR. The remissions were durable with median
duration of response not yet reached at a median follow-up of
45 weeks on study. Median PFS was 29 weeks and median OS
was not reached. Treatment was accompanied with reductions of
cytokine and chemokine concentrations.

Based on the encouraging results of these Phase 1 studies, a
Phase 2 study (NCT00848926) was initiated in which patients
with relapsed/refractory classical Hodgkin lymphoma were
treated with brentuximab vedotin 1.8 mg/kg every 3 weeks for
up to 16 cycles® (Table 1). Preliminary data of 102 patients dem-
onstrate an objective response rate (PR + CR) of 75%, with 34%
CR. The median duration of CR was not yet reached. The most
common treatment-related adverse events were sensory peripheral
neuropathy, nausea, fatigue, neutropenia and diarrhea.
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Table 2. Results from a clinical study evaluating brentuximab vedototin in newly diagnosed CD30-positive malignancies

Study Type of Regimen N Patients

Prior treatment

Response TTE Key toxicities

study

Younes et al" Phase 1 Brentuximab vedotin (0.6, 0.9, or 1.2 mg/kg) on 31
day 1 and 15 of each 28-day cycle in
combination with ABVD or AVD; up to 6 cycles

MTD: not reached

Hodgkin's lymphoma: 31 None

Evaluable patients (n=10)
2PR: 100%
PR: 0%
CR: 100%

Grade 1,2, 3,4

Nausea: 77%

Neutropenia: 77%

Peripheral sensory neuropathy: 48%
Fatigue: 45%

Infusion-related reactions: 23%
Pulmonary toxicity: 40% in ABVD
cohorts and 0% in AVD cohorts

Median duration of response: NA
Median PFS: NA
Median OS: NA

MTD, maximum tolerated dose; NA, not available; PR, partial response; CR, complete response; TTE, time to events; PFS, progression-free survival; OS,

overall survival

Thus, the available data shows that single agent brentuximab
vedotin induces responses in heavily pretreated patients with
relapsed/refractory Hodgkin lymphoma, and has acceptable
toxicity. More frequent administration with the once weekly
schedule may be useful for short-term remission induction strat-
egy in patients with bulky or symptomatic disease requiring
rapid tumor debulking. However, the weekly dosing regimen
was accompanied with a significantly higher rate of peripheral
neuropathy compared with every 3-week dosing, indicating
that, when a response is achieved, a less frequent dosing regi-
men can be initiated for consolidation and to minimize toxicity.

Brentuximab vedotin before or after auto-SCT. Several Phase
2 studies have been initiated to test single agent brentuximab

vedotin as salvage therapy preceding auto-SCT in patients
with relapsed/refractory Hodgkin lymphoma (NCT01393717;
NCT01508312). Furthermore,
Phase 3 trial is currently enrolling patients with classical
Hodgkin lymphoma who underwent auto-SCT for relapse or
refractory disease (NCT01100502). This study will compare
the efficacy and safety of brentuximab vedotin to placebo treat-

a randomized, multicenter

ment in patients at high-risk of residual disease post-transplant.
Allogeneic transplant following brentuximab vedotin. Hodgkin

lymphoma patients with relapse following auto-SCT have a very
poor prognosis. Allo-SCT is a potentially curative procedure for
these patients, but the lack of sufficient pre-transplant disease
control limits the applicability of this approach. A retrospec-
40 and a subgroup analysis of patients participating
in two Phase 2 studies® examined the efficacy and toxicity of
allo-SCT following induction of remission with brentuximab
vedotin. This approach resulted in prolonged disease control,

tive analysis

without delay in engraftment or increase in acute graft- vs.-host
disease, chronic graft- vs.-host disease or non-relapse mortality.
Brentuximab vedotin in newly diagnosed Hodgkin lymphoma.

Based on the efficacy of single agent brentuximab vedotin in
relapsed/refractory disease and in vitro data showing synergy
between brentuximab vedotin and chemotherapy,® several
studies are testing the efficacy and safety of combination treat-
ments in newly diagnosed patients.

An ongoing, but not recruiting, Phase 1 study
(NCT01060904) is evaluating the safety of brentuximab vedo-
tin (0.6, 0.9 or 1.2 mg/kg; on days 1 and 15 of a 28-d cycle) in
combination with ABVD (doxorubicin, bleomycin, vinblastine
and dacarbazine) chemotherapy or a modified standard (AVDj;
doxorubicin, vinblastine and dacarbazine) in newly diagnosed
patients with stage Ila or IIb-IV Hodgkin lymphoma (age,
18-60 y).*> Of the first 31 patients treated in this study, 17
(55%) had stage IV disease. Combination therapy was generally
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well tolerated with no dose-limiting toxicities observed up to 1.2
mg/kg. The most common adverse events were nausea (77%),
neutropenia (77%), peripheral sensory neuropathy (48%) and
fatigue (45%). However, 40% of the patients treated with bren-
tuximab vedotin and ABVD had pulmonary toxicity occurring
during cycles 3—6, which is higher when compared with ABVD
alone. Thus far, no patients in the AVD cohort experienced a
pulmonary toxicity event indicating that brentuximab vedo-
tin should not be combined with bleomycin (Younes A, per-
sonal communication, March 2012). All 10 patients who had
a response assessment available after completion of frontline
therapy had achieved CR (Table 2).%> Based on these data a
Phase 3 trial is planned to assess frontline treatment with bren-
tuximab vedotin plus AVD as compared with ABVD without
brentuximab vedotin (Younes A, personal communication,
March 2012).

The aim of another ongoing Phase 2 study is to compare the
activity of brentuximab vedotin combined with AVD (doxo-
rubicin, vinblastine and dacarbazine) in older patients (>60 y)
with previously untreated stage II-IV classical Hodgkin lym-
phoma (NCT01476410).

2. Systemic anaplastic large cell lymphoma. Younes et
al. treated 2 patients with relapsed/refractory systemic ALCL
with brentuximab vedotin once every 3 weeks. Both patients
achieved a CR with a duration of 17 and 5 mo.*

In the Phase 1 study (NCT00051597) reported by Fanale et
al.¥ 5 systemic ALCL patients with relapsed or refractory dis-
ease were treated with brentuximab vedotin. The weekly dosing
schedule resulted in CR in 4 out of 5 patients, while the other
patient who was treated at the lowest dose had stable disease. In
contrast, unconjugated anti-CD30 antibodies had only modest
clinical activity in systemic ALCL.%3

Based on these promising results, a Phase 2 study
(NCT00866047) was initiated in which brentuximab vedotin
was administered at a dose of 1.8 mg/kg every 3 weeks to 58
patients with relapsed/refractory systemic ALCL* (Table 1).
At least PR was achieved in 86% of patients, including CR in
57%. Patients with ALK-positive and ALK-negative disease had
similar response rates. Notably, patients who never responded
to previous therapy achieved a response to brentuximab vedotin
(n = 13; =PR: 77%; CR: 31%). The median duration of the
response was 13 mo. Median PFS was 14.6 mo and median
OS was not yet reached. Importantly, median PFS with bren-
tuximab vedotin was significantly longer than the median PFS
achieved with the most recent prior therapy. After discontinuing
treatment, 16 patients received a transplant (allo-SCT in 8 and
auto-SCT in 8). Peripheral sensory neuropathy was observed
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in 41% of patients, including 17% with a grade 3 neuropathy.
Again, the majority (79%) of these patients experienced resolu-
tion or improvement of neuropathy.

Several reports indicate that retreatment with brentuximab
vedotin is possible after previous response or stabilization of
disease following brentuximab vedotin therapy.*** An ongo-
ing Phase 2 retreatment study is enrolling patients who previ-
ously experienced an objective response to brentuximab vedotin
(NCT00947856).

These data suggest that durable remissions can be achieved
with brentuximab vedotin in patients with relapsed/refractory
systemic ALCL. Based on these results, a Phase 1 study is now
evaluating brentuximab vedotin administered in sequence and
in combination with multiagent chemotherapy as first line
treatment in systemic ALCL (NCT01309789).

3. Primary cutaneous CD30-positive lymphoprolifera-
tive disorders. A Phase 2 study (NCT00099255) evaluated
the safety and efficacy of single agent SGN-30 in patients with
pcALCL and LyP or CD30-positive large cell transformation of
mycosis fungoides who had failed to respond to local radiation
therapy or systemic therapy.*
evaluable patients was 70% with an acceptable toxicity profile.

The overall response rate in 23

A Phase 2 study is currently enrolling patients with these skin
lymphomas to test efficacy and toxicity profile of brentuximab

vedotin (NCT01352520).
Future Perspectives

Although the majority of patients with Hodgkin lymphoma can
be cured with frontline therapy, new agents are needed, particu-
larly for elderly patients, relapsed/refractory patients ineligible for
auto-SCT, patients with refractory disease after salvage chemo-
therapy, and patients who relapse after auto-SCT. Brentuximab
vedotin is a promising novel cancer treatment and it has shown
significant single-agent antitumor activity in heavily pretreated
patients with acceptable toxicity. Various ongoing trials are cur-
rently evaluating brentuximab vedotin alone and in combination
with other agents as frontline therapy or salvage therapy, includ-
ing induction therapy preceding auto-SCT. In the front-line set-
ting, the aim is to reduce toxicity in patients with very favorable
disease and to improve outcomes in patients with high risk for
relapse. In addition, the feasibility of using brentuximab vedo-
tin as maintenance therapy after auto-SCT is under evaluation.
These studies will provide important data with regard to the
optimal regimens that incorporate brentuximab vedotin for the
treatment of Hodgkin lymphoma. Several other promising novel
agents that target the tumor cell or the microenvironment such
as mTOR inhibitors, lenalidomide and rituximab are currently
under investigation in Hodgkin lymphoma as single agent or in
combination with other therapies.”*

Despite the relative efficacy of chemotherapy in systemic
ALCL, novel agents are still needed for relapsed or refractory
patients. Recent clinical trials in systemic ALCL showed clini-
cal activity of brentuximab vedotin in heavily pretreated patients
in both ALK-positive and -negative tumors. Ongoing studies are
investigating the value of brentuximab vedotin in patients with
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newly diagnosed disease. Other promising novel agents for the
treatment of systemic ALCL include inhibitors of the NPM1-
ALK fusion protein in ALK-positive cases, histone deacetylase
inhibitors, pralatrexate (a folate analog) and other mAbs such as
the anti-CD25 daclizumab or anti-CD4 zanolimumab.”**

Most studies focused on the treatment of Hodgkin lymphoma
and ALCL. However, studies currently enrolling patients are also
evaluating brentuximab vedotin in other tumors with variable
CD30 expression such as mycosis fungoides, Sezary syndrome,
acute lymphoblastic leukemia, acute myeloid leukemia, multiple
myeloma, chronic lymphatic leukemia and NK-cell neoplasms.

One of the clinically most important adverse events related to
brentuximab vedotin treatment is the cumulative, dose-related
peripheral neuropathy, which is predominantly sensory. The
development of neuropathy is a consequence of the microtubule
assembly inhibition by the cytotoxic component of brentuximab
vedotin (MMAE). Dose adjustments, delays or lengthening of
dose interval should be considered to manage neuropathy and
to enable continuation of treatment.”” Grade 3 and 4 neutrope-
nia must also be managed by dose delays or reductions. Support
with growth factors can also be considered for subsequent
cycles of therapy. Importantly, in January 2012 Seattle Genetics
announced that progressive multifocal leukoencephalopathy may
be associated with the use of brentuximab vedotin. In addition, a
contraindication warning against concomitant use of bleomycin
and brentuximab vedotin was given because of increased risk of
pulmonary toxicity. Serious pulmonary toxicity was also observed
when SGN-30 was combined with gemcitabine, vinorelbine and
pegylated liposomal doxorubicin (GVD).*® This observation
indicates that interactions between SGN-30 or brentuximab
vedotin with certain agents such as gemcitabine and bleomycin,
may potentially lead to development of pneumonitis.

An important challenge will be the identification of patient
subsets that will benefit most from brentuximab vedotin-based
therapeutics. Biomarker assessment in future studies will help to
evaluate the risk/benefit profile and tailor individualized thera-
peutic approaches.

Also other CD30 targeting agents are currently in clinical
testing either as single agent or in combination with other drugs
in Hodgkin lymphoma and ALCL. These include the human
IgG1 monoclonal antibody MDX-060,%¢ and its derivative MDX-
1401, which has a nonfucosylated Fc region leading to higher
affinity to Fcy receptors and improved ADCC;” the human-
ized monoclonal antibody XmAb2513,%® which has an Fc region
engineered to have increased binding affinity to Fcy receptors
leading to improved Fcy receptor-dependent effector functions;
and AFM13 which is a recombinant antibody construct targeting
both CD30 and CD16a, which is present on the surface of NK
cells, macrophages and neutrophils (NCT01221571).

In summary, brentuximab vedotin offers an important new
therapeutic option for patients with heavily pretreated relapsed/
refractory Hodgkin lymphoma, systemic ALCL and primary
cutaneous CD30-positive lymphoproliferative disorders. Future
research will be directed at developing combinations with bren-
tuximab vedotin for patients with relapsed or newly diagnosed
disease.
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